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CLAIMS 

A recombinant protein whose essentia! constituent polypeptide 
sequence comprises: 

• a 19 kilodklton (p19) C-termlnal fragment of the surface protein 1 
of the merozoite form (MSP-1 protein) of a: Plasmodium type 
parasite other than Plasmodium vivax which is infectious in man, 
the C-terminal fragment remaining normally anchored to the 
surface of the surface of the parasite at the eiid of its penetration 
phase into human erythrocytes in the event of £m infectious cyde; 

• or that of a portion of that fragment which jjs also capable of 
inducing an immune response which can ^inhibit an In vivo 
parasitemia in a hpaflnfected with such parasite; 

• or that of a pet*6e wiiich is capable of inducing a cellular and/or 
humoral immLmcJp^ickj^aspdnse equivalent tp that produced by 
said p1 9 fragment or said portion of that fragment; and 

wherein said recombinant protein comprises TOnfi brmationa[ epjtopes 
which are unstable in a reducing medium and Which constitute the 
majority of the epitopes recognized by hum^n antisera formed 
against the corresponding Plasmodium. \ 
Therecombinant protein of clairn 1 which Isjiot; recognized by said 
human antisera when it is in the reduced form. ; 



The recombinant protein of claim 2\which is substantially free of any 
form of a recombinant protein having the\same"5equence of "arnlnd v 



/ 



25 



vacids^yet in which the conformational epitopes Which are unstable in 
a reducing medium and which constitute^ the majority of the epitopes 
recognized by human antisera formed ^against the corresponding 
Plasmodium are not in a conformational form as defined by: 
(a) the atomic coordinates as detailed in AnWxe^s I, II or II, obtained 
by crystallography; and 
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(b) the fviMR fingerprints as illustrated in Figures 12,0a to 12.2c. 
The recombinant protein of claim 2 in which at Iea£t20% contains an 
epitope in a conformational form as defined by tHe NMR fingerprints 
as IllustratedVn Figures 1 2.0a to 1 2.2c. 

The recombinant protein of claim 2 or c l a i m 3 jwhich Is in a pure 
state. 

✓A* recombinant protein of claim 1 T which is recognized by human 
antisera formed against the corresponding Plasmodium or against a 
homologous Plasmodium when it is in Its non reduced state or in a 
reduced non irreversible state, but is not recbgnized or is only 
recognized to a slight extent by these same ^ntisera when it is 
irreversibly reduced/ 



The recombinarc 
crystallized form 



:!aim 5 which jis defined by the 
atomic coordinates as Retailed in Annexes 
I, II or III. and the NM fingerprints as illustrated in Figures 12.0a to 
12.2c. 

The recombinant protein 6f claim 5 which has a Jvery high degree of 
purity as determined by electrospray mass spectrometry. 
The recombinant protein of claim 5 which elicits a long term memory 
response directed in a substantially specific manner against said 
conformational epitopes in animals to which they are administered. 
The protein of claim 1 which Wiiblts the reactivity °J S^^}™^^ 
antiserum against p42 produced from the sam^lvS^lprotein and 
is itself only partially inhibited by an immune (antiserum produced 
against p42. 

The recombinamof claim 1 which is essentially free of any 
polypeptide having a sequence of\amino acids; in the C-terminal 
region of p33 (33 kDa N-terminal fragment) resujtlng from th natural 
cleavage of the p42 protein of the sarnie MSP1 protein. 
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12. The recombinant protein of claim 1 which comfj»ri$es, upstream of 
the polypeptide sequence of p19, a polypeptide region whose 
sequence is the C-terminal region of p33 resulting from the cleavage 
of p42 of the same MSP-1 protein, wherein said; polypeptide region 
contains less than pO amino acid residues. t 

13. The recombinant protein of claim 1 1 wherein said polypeptide region 
contains less than 1u amino acid residues. • 
The recombinant protein of claim 1 which comprises 1 , upstream of the 
polypeptide sequence\of p19, a polypeptide region whose sequence 
is the C-terminal regionW the p33 resulting from 
of the same MSP-1 protein, wherein said C 



14. 
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the cleavage of p42 
■terminal portion is 



restricted to that part \wh1ch is substantially conserved In P. 
falciparum and P. vivax: 
The recombinant protein ofuclsffn 1 wherein thej sequence of amino 
acids of said essential constituent polypeptide encompasses the 
sequences of the two EGF rebions of the p19 protein. 
The recombinant protein of clbim 2 wherein the| sequence of amino 
acids of said essential constituent polypeptide eficompasses the two 
sequences of the two EGF regions of the p19 protein. 
The recombinant protein of claim 3 wherein thej sequence of amino 
acids of said essential con8tituent\polypeptide encompasses the two 
sequences of the two EGF regionsW the p19 protein. 
The recombinant protein of claim 4\wherein th^ sequence of amino 
acids of said essential constituent polypeptide encompasses the two 



sequences of the two EGF regions of the p19 protein. 
19. The recombinant protein of claim 5 wHerein tr4 sequence of amino 
acids of said essential constituent polypeptide encompasses the two 
sequences of the two EGF regions of the p19 pfotein. 
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20. The recombinant protein of claim 6 wherein the Sequence of amino 
acids of said essential constituent polypeptide encompasses the two 
sequences of the two EGF regions of the p19 protein. 

21. The recombinant protein of claim 7 wherein the sequence of amino 
5 acids of said essential constituent polypeptide encompasses the two 

sequences of thatwo EGF regions of the p19 prqtein. 

22. The recombinant toroteln of claim 8 wherein the sequence of amino 
acids of said essential constituent polypeptide encompasses the two 
sequences of the tfoo EGF regions of the p19 protein. 

10 23. The recombinant/ptolein of claim 9 wherein the sequence of amino 
acids of said essente^peflstituent polypeptide ehcompasses the two 
sequences of the two\EGF regions of the p19 protein. 

24. The recombinant prtotein according to clairh 1, wherein the 
constituent polypeptide, carries a glycosyiphosp!hattdyllnositol (GPI) 

15 group of the type which e nables the p19 fragm ent to anchoT glhe"" 

m^mbrane_oiaeukajyo^ceJU M.SPJ_ protein. 

25. The recombinant proteih of claim 1, wherdin the constituent 
polypeptide Is free of \he sequence of amino adds In the 
hydrophobic C-terminal portion of the p19 whiki intervenes in the 

20 induction of an anchoring of fcaid p1 9 to the cell pembrane of a host 

infected with a Plasmodium type parasite. 

The recombinant protein According to claim 24, which is 
hydrosoluble. 

The recombinant protein of clain\ 1 which comprises the sequences 
25 of amino acids of the p19 of tr\e MSP-1 protein of Plasmodium 

falciparum. 

28, The recombinant protein of claim 1 \^hich comprises the sequence of 
amino acids of the MSP-1 protein of hasmodluh cynomolgi. 

29. An oligomer^ttiefecombin^ proteiAof claim 11 



26. 



27. 



^^UTMAMM-^LASSEKAUD le 13^J^*t 



Fax eh is par: 33 til 42 bb 08 ^^UTMAMfl-^LASSEKAUD le 13^^H^ti lVitm H4 fiOKH : b^^lO 



64 



10 



15 



20 



30. 



31- 




25 33. 



34, 



The oligomer olrclaim 29, which comprises fr^ni 2 to 50 monomer 

unite of the sequence of said recombinant protein,; 

The recombinant protein of claim 1, which is conjugated to a carrier 

molecule for use in the production of vaccines. ? \ 

A vaccination composition against a Plasmodium type parasite 

which is infectious in man, containing as an ■ active principle a 

recombinant protern whose essential constituent polypeptide 

l i : 

sequence comprises: 

• a 19 kifodalton (p19) C-terminal fragment of^tfre surface protein 1 
of the merozoite form (MSP-1 protein) of I ai Plasmodium type 
parasite which ffe infectious in man, said \ (Merminal fragment 
remaining normally anchored to the surface of the parasite at the 
end of Its pe^tra^on^pftase Into human erythrocytes In the event 
of an Infectlot 

• or that of a portioh of that fragment which is also capable of 
inducing an immurte response which can inhibit an in vivo 
parasitemia In a hostWected with such parasite; 

• or that of a peptide wnich is capable of Inducing a cellular and/or 
humoral immunological response equivalent to that produced by 
said p19 fragment or said portion of that fragment; and 

said recombinant protein further comprising conformational epitopes 

which are unstable in a reducing medium and; vyhich constitute the 

majority of the epitopes recognized by human antlsera formed 

\ i 
against the corresponding Plasmodium. 

The vaccinating composition W claim 32, wherjeih said recombinant 
protein is not recognized by said human antisfera when it Is in the 
reduced form. 

The vaccinating composition of\clalm 32 T wherein said recombinant 
protein is substantialfy free of any form of said recombinant protein 
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having the same sequence of amino acid^, ;yet in which the 
conformational epitopes which are unstable fnj a reducing medium 
and which constitute the majority of the epitopes recognized by 
human antisera formed against the corresponding Plasmodium are 
not In the conformational form as defined by: ! 

(a) the atomic coordinates as detailed In Annexjes; I, II or II, obtained 
by crystallography! and ! 

(b) the NMR fingerprints as illustrated in Figured 12.0a to 12,2c. 



The vaccinating composition of claim 32, wherfcir) said recombinant 

\ i 

protein is in a pure state. ! : 

The vaccinating conipositfon of claim 32, whertiri said recombinant 
protein is recognized by human antisera formed against the 
corresponding Ptesmbdit&ror against a homologous Plasmodium 
when It is in its nonreduced state or in a reduced non irreversible 
state, but Is not recognized or is only recognizee! to a slight extent by 
these same antiserumsWhen it is irreversibly reduced. 
The vaccinating composition of claim 32,.whert3in said recombinant 
protein is defined by \ the crystallized fbnji with the atomic 



coordinates as detailed \in Annexes I, II or 



and the NMR 



fingerprints as illustrated in Figures 12.0a to 12.£d 
The vaeeSat^TOrnpSition of claim 32, wheriin said recombinant 
protein has a very high! degree of purity I as determined by 
electrospray, mass spectroscopy. ' 
The ^aooinctting composition of claim 32, whereirr said recombinant 
protein elicits a long term memory response directed in a 
substantially specific manner against said conformational epitopes In 
animals to which th y are admmistered ! 
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The -vaeeJnatfnjT^ of claim 32, wherein the sequence of 

amino acids of said e&sentiaf constituent polypeptide encompasses 
the sequences of the two EGF regions of the p1& protein, 
The^ vacc l nat ta g compdsrtion of claim 33, wherein the sequence of 
amino actds of said essential constituent polypeptide encompasses 
the sequences of the two EGF regions of the p10 protein. 
The^ve^ of claim 34 T wherjein the sequence of 

amino acids of said essential constituent polypeptide encompasses 
the sequences ofthe two EGF regions of the p10 protein. 
The ^^im^^om^s^n of claim 35, wheriein the sequence of 
amino acids of said essermaf constituent polypeptide encompasses 
the seauenqes of th^two EOF regions ofthe p19 protein. 
^ 44. The ua£?l^^ 36, wherfein the sequence of 



amino acids of said esserttiaA constituent polypeptide encompasses 

the sequences of the two EfeFWgions of the p10 protein. 

The -v^^etjS^oorr^osition of claim 37, wherjsin the sequence of 

amino acids of said essential constituent polypeptide encompasses 

the sequences ofthe two EGF regions ofthe plk protein, 

The v accinating composition of ctaim 38, wherafn the sequence of 

amino acids of said essential constituent polypeptide encompasses 

\ i 

the sequences of the two EGF regions ofthe p1& protein. 
The ^^e^ of craim 32 wherein the essential 

constituent polypeptide of said recombinant protein comprises the 
sequence of the p1 9 Plasmodium falciparum. \ 



omposrtic 



32 wherein the essential 



The ^vacci na ting composition of clair 

constituent polypeptide of said recombinant prjotefn comprises the 
sequence ofthe p19 Plasmodium vivax,] 
An antibody which specifically recognflpng th' p19 of a MSP-1 
protein ofthe merozoite form of a Plasmodium type parasite which is 
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infectious in man other than Plasmodium v/Vaxand which does not 

recognize Plasmodium vivax. 

The antibody of claim 49, which is monoclonal, i 

The monoclonal antibody of claim 50, which specifically recognizes 

the p1 9 of P, falciparum]. 

The monoclonal antibody of claim 50, which specifically recognizes 
the p19 of P. vivax. \ 

A recombinant baculovrrtis type modified vector containing, under 
the control of a promoterl contained (n the vector and able to be 
recognized by cells transfWetarbte by said vector, a first nucleotide 
sequence coding for a/sfbnal peptide and ^ second nucleotide 
sequence downstream (rfJjWftfst nucleotide sequence, also under 
the control of said promoter Awherein said first nucleotide sequence 
authorizes the expression of said second nucleotide sequence in a 
baculovirus system and wherein said second nucleotide sequence 
codes for one of the following peptide sequence^: 
9 a 19 kilodalton (p19) C-termrnal fragment of the surface protein 1 
of the merozoite form (MSP-1 protein) of ja Plasmodium type 
parasite which is infectious \ in man, the Q-terminal fragment 
remaining normally anchored to the surface of the parasite at the 
end of its penetration phase into human erythrocytes in the event 
of an infectious cycle; \ 
* or of a portion of that peptfae fragment provided that the 
expression product from the second sequence in a baculovirus 
system is also capable of inducing an Immune response which 
can inhibit an in vivo parasitemia \n a host infected with said 



parasite; 
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• or of a peptide which is capable of inducing a cellular or humoral 

i 

Immunological response equivalent to thai produced by said 
peptide fragment pi9 or said peptide fragment portion; and 

wherein said second nucleotide sequence has d G and C content in 

the range of from 40% t o 60% of the totality of nucleotides from which 

said second nucleotide sequence is constituted, ! 

The vector of claim 53, \ /herein said second nucleotide sequence has 

a G and C content in the range of at least 50% of the totality of 

I j 

nucleotides from which said second nucleotide sequence is 



constituted. 

The vector of claim 53, 
synthetic sequence. 
The vector of claim 53, 
for a signal peptide from 



terem the second nucleotide sequence is a 




terein the first nucleotide sequence codes 
Plasmodium vivax or Plasmodium falciparum 
normally associated with imPiasmodium MSP-1! protein. 
The vector of claim 53, whicn consists of a modified baculovirus. 
An organism transfected by The vector of ciaim 53, 
A synthetic DNA containing a first nucleotide sequence including a 
portion which codes for the peptide sequence: ; 
♦ of a 19 kiiodalton (p19) Oterminal fragment 6f the surface protein 
1 of the merozoite form (MSP-1 prate/in) of Plasmodium 
falciparum, said C-terminal fragment remaining normally anchored 
to the surface of the parasite at the end of His penetration phase 
into human erythrocytes in the event of an Infectious cycle; 
t or of a portion of that peptide fragment provided that the 
expression product of said DNA in a baculcMrus system is also 
capable of inducing an immune* response which can inhibit an in 
vivo parasit mia in a host infected with such parasite; 



Fax en is par: 33 01 42 6b 08 ^^Vd TMANN-PLASSEflAUD 



le 13^H98 17:B5 M M0W1 fg : bd^ZlB 



69 




• or of a peptide Capable of fnduclng a cellular or humoral type 
immunological response equivalent to that pfoduced by said p19 
peptide fragment or said portion of that fragment or both; and 

wherein said nucleotide sequence has a G and :C nucleotide content 
5 in the range of from 40% to 60% of the totality of nucleotides from 

which said synthetic DMA is constituted. 
60. The synthetic DNA of claim 59, wherein said nucleotide sequence has 
a G and C content of at least 50% of the totaling of nucleotides from 
which said synthetic DNA is constituted. > 
10 61. The synthetic DNA sequence of claim 59, whiph further comprises 
upstream from said first Viucleotide sequence, ia second nucleotide 
sequence coding for a Signal peptide normally associated with a 
Plasmodium MSP-1 protean whrcjrls homologous or heterologous 
relative to said first nucleotide sequence. 
15 62. The synthetic DNA sequence of claim 61,; wherein the signal 
sequence originates from P. vivax. 
A baculovirus type selected from the group composing: 

• a virus deposited at the CNCM (Collection Nationale de Cultures 
de Microorganlsmes; National Collection; of Microorganism 

20 Cultures] with registration number (-1659; 

• a virus deposited at the CNCM with registration number 1-1 660; 

• a virus deposited at the CNCM with registration number 1-1 661 ; 

• a virus deposited at the CNCM with registration number 1-1 662; 

» a virus deposited at the CNClyl with registration number 1-1663; 
25 and 

• a virus deposited at the CNCM vlrith registration number 1-2041 . 

64. Ahybrldoma secreting the monoclonal antibodies of claim 50. 

65, A hybridoma secreting the monoclonal antibodies of claim 51 , 
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A hybridoma which secretes the monoclonal ajntfbody of claim 50, 
which has beefi deposited at the CNCM, (jparis, France) with 
registration jiumlserj.-1846, on the 14 th of February 1997. 
A -^i^me^oom^si^^accordilng to claim 32J which comprises a 

from the mixtures of 



mixture of nucleotide* sequences selected 
recombinant prafefhs corppffsing the sequences 

• P. falciparum pTaand P. vivax p19; 

# P, falciparum p1 9 and P. falciparum p42; 

♦ P. wVax p19 and PL vivax p42; 

* P, falciparum p19 and P. falciparum p42; and 
P; Wirax p19 and P. wax p42. 
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